US008576255B2

12 United States Patent

Katayama et al.

US 8,576,255 B2
Nov. 5, 2013

(10) Patent No.:
45) Date of Patent:

(54) IMAGE CORRECTION METHOD AND (56) References Cited

IMAGE DISPLAY DEVICE
U.S. PATENT DOCUMENTS
(75) Inventors: Yukari K_atayamaj ghjgasaki (JP); | 6297791 Bl  10/2001 Naito et al.
Yasuyuki Kudo, Fujisawa (JP); Norio 6,570,611 Bl 5/2003 Satou et al.
Mamba, Kawasaki (JP); Yoshinori 7,129,456 B2  10/2006 Ioka et al.
Tanaka, Mobara (JP) 2004/0254716 A1* 12/2004 Ino etal. .....occocooromen... 701/200
2005/0103976 Al1* 5/2005 Iokaetal. ................. 250/208.1
| o | 2005/0254102 Al* 11/2005 Kagami ........cocooor..... 358/474
(73)  Assignees: Hitachi Displays, Ltd., Chiba (JP); 2005/0275640 Al 12/2005 Kobayashi et al.
Panasonic Liquid Crystal Display Co.,
Ltd., Hyogo-ken (JP) FOREIGN PATENT DOCUMENTS
( *) Notice: Subject to any disclaimer, the term of this 5 50 (1) :1;3 jggg; L égggg
patent 1s extended or adjusted under 35 P 2000:28 4773 10/2003
U.S.C. 154(b) by 839 days. JP 2006-084729 3/2006
WO WO 03/071794 8/2003
(21) Appl. No.: 11/951,398 * cited by examiner
(22) Filed: Dec. 6. 2007 Primary Examiner — Jonathan Boyd
| T Assistant Examiner — Amr Awad
: y (74) Attorney, Agent, or Firm — Antonelll, Terry, Stout &
(65) Prior Publication Data Kraus, LLP
_ o o A luminance distribution at the highest gradation level 1s
(30) Foreign Application Priority Data corrected to a curved plane luminance distribution in such a
manner that the maximum gradation input to a display panel
Dec. 6, 2006 (JP) ................................. 2006-329049 shows a curved luminance plane having the hjg_lest lumi-
nance at the center of the display panel and a lower luminance
(51) Int.CL in the peripheral area of the display panel. The luminance
G09G 5/10 (2006.01) distribution at the minimum gradation 1s corrected 1n such a
(52) U.S. CL manner that the minimum gradation shows a curved lumi-
USPC e, 345/690; 345/214 ~ nance plane having the lowest luminance at the center of the
(58) Field of Classification Search display panel and a higher luminance 1n the peripheral area of
USPC oot 345/214, 690 e display panel.

See application file for complete search history.

10 Claims, 15 Drawing Sheets

Y-DIRECTION

AEXTRAPOLATION
BY Sy

LUMINANCE

THIRD ORDER
INTERPOLATION
CURVE S;(y)

INTERPOLATION
BY S4(y)

i S(V) S.(¥) i EXTRAPOLATION

: 0 ‘  BYSI)

Yo Yi Y2 Y-DIRECTION
P1 P4 P7



U.S. Patent Nov. 5, 2013 Sheet 1 of 15 US 8,576,255 B2

FIG. 1 102
| SENSOR CIRCUIT '— (107

CORRECTION VALUE

1035 ‘| L DISPLAYUNIT

GENERATORUNIT || CONTHOL .~106 :
UNIT :
g 5108 :
104 - ;
Y e RECORDINGUNTT | |
MAGE GENERATOR ;
UNIT :
1055 ‘ ; i
140~ IMAGE TRANSFER IF CONTROLF }«/1 09 i
------------------------ \T
\..
\u
e ™
\-
\.
\1
EXTERNAL I
120”‘ POWER SUPPLY N
----------------------------------------- 1\\
i 131 132 134 :
; [ $ g 5 :
g 'IMAGE TRANSFER IF CONTROLIF | 130 | e o | ;
e [ - S — -_j—' _________ |
X | NONVOLATILE 135~ POWERSUPPLY ]
X MEMORY CIRCUIT |
: 133° T gy
3 I DRANDRVER | |! | !
¥ | 38 ||| |
| IMAGE PROCESSING CIRCUIT L — S
X . —— |
! @ ]
¥ | Z | : [LQUDCRYSTAL| 1} | :
N | PANEL |
2 1367 |3 o
) 137 - 5 E | :
3 i 140 |

I I EEET B DI D BT DI DI T BT T DI T T T T BT I BT BT BT BT B T T BT B BT BT BT BT BT I BT B BT I B B T BT B T T W W BT W O W ST TR v s sl sembh wmkh shik sl S EES SIS S S IS S - - S - - - W T



U.S. Patent Nov. 5, 2013 Sheet 2 of 15 US 8,576,255 B2

LIQUID CRYSTAL : MEASURING ]
DISPLAY DEVICE 100 APPARATUS 102
ACTIVATELIQUID
CRYSTAL PANEL I’“ 200
201
. SET INITIAL VALUES
o - 03] PANEL !
: TRANSMIT INSPECTION & 5095
; . MEASUREMENT IMAGE T
5 DISPLAY i
; MEASUREMENT  ~ 204 :
: IMAGE :
i 205 :
i TRANSMIT DISPLAY IMAGE f
£ 506 ~_ MEASURE LUMINANCES AT i
: ALL REFERENCE POINTS :
MEASURED VALUE VARIATION IN Yes
207 RATED RANGE ?
No
........................................... | 288
250 .. [ CORRECTION (" JUDGEPANELAS )
‘ 209~ VALUE : QUALITY PRODUCT,
; CALCULATION : AND TERMINATE
210 T PROCESS  /
i SET CORRECTION VALUES i
‘ PANEL INSPECTION f» 211
' No
515 < VALUE VARIATION IN RATED RANGE ? >
Yesl 21 4
v
JUDGEPANELAS ) JUDGEPANELAS )
43~ QUALTYPRODUCT, DEFECTIVE PRODUCT,
AND TERMINATE AND TERMINATE

PROCESS PROCESS  /




US 8,576,255 B2

Sheet 3 of 15

Nov. 5, 2013

U.S. Patent

FIG. 3A

140
>

301

an
N
O
L

T
2.
-]
T
<
O
0.
L)
O
Z
LU
ia
LUl
L
L]
ia

I
Ll
>
LLl
-
Z
O
T
<
a
<
T
e
LL
O
Z
<
<
=
=
—

REFERENCE POINT
ALL POINTS (P1 TO P9)

WHITE LUMINANCE (255)

INTERMEDIATE LUMINANCE (204)

P1,P5P7

INTERMEDIATE LUMINANCE (128)

P1,P5,P7
ALL POINTS (P1 TO P9)

INTERMEDIATE LUMINANCE (26)

BLACK LUMINANCE (0)

FIG. 4

3

Dt dad s

S e e

e

N Eosssesses
bbby o] b

ety

S RNaNe.

et

3 —

&



U.S. Patent Nov. 5, 2013 Sheet 4 of 15 US 8,576,255 B2

CORRECTION VALUE CALCULATION

GENERATE THIRD-ORDER CURVE INTERCONNECTING ~~501
LUMINANCES AT REFERENCE POINTS ALONG Y-DIRECTION

GENERATE LUMINANCES AT DETAIL REFERENCE POINTS ~502
FROM THIRD-ORDER CURVE THROUGH INTERPOLATION

'
CALCULATE TARGET LUMINANCE CURVED PLANE 503
Bp(g, x, y) OF EACH GRADATION LEVEL g

GENERATE GRADATION DATA G(g, x, y) FROM 504
LUMINANCE Bp(g, X, ¥)

GENERATE Y-DIRECTION THIRD-ORDER INTERPOLATION 505
CURVE COEFFICIENTS FROM GRADATION DATA G(g, X, y)

WRITE INTO NONVOLATILE MEMORY OF ~ 506
LIQUID CRYSTAL DISPLAY DEVICE

-—-————————_ﬂ"""-_---______-—_“_—n_"_'_'_-_-_-_-_---__H_
- - T I - S S S S S S S S S S I S SIS JEE DS SIS S EEE SEE S S A S S R R A o Rk Rk ek b depel w Dy R W DT DI TR TS I B DI BT G T B T B B G A B e A iy gl el ey e SR




U.S. Patent Nov. 5, 2013 Sheet 5 of 15 US 8,576,255 B2

601 301 4140

o A0 g g P2
AT S S S
G025 X190 ety
DSSSC
I SR S o e
D NG S e &
Y-DRECTION &,
L THIRD ORDER
= INTERPOLATION INTERPOLATION
= EXTRAPOLATION BY S+ (v) CURVESi(y)
=
]

BY Sq(y)
------- B(g,y,)
7" ““"0--...1 mmmmm ? B(ggzz[__\_/

EXTRAPOLATION

>
Yo Y+ Y2 Y-DIRECTION

oy,
<
L
=<

[




U.S. Patent Nov. 5, 2013 Sheet 6 of 15 US 8,576,255 B2

FIG. 7

A(4,0)

GRADATION

cgYi(g.j,y)

—’—-_.’""_"-' o ff""-"”'-..'h ~

e e Ko™

e S St Ses *"

\ a : : : B(q,Xx,
__*:*:___?____,l__ (g Y) ’.

\ Y-DIRECTION

gt

G(g,xy) \';‘;CQXJ(QJ,X) . 1 G(g.x+ax,y)

N N

A(i+1,))

cagYig.),y) <

vy ay

;

G(g,x+ax,y+ay)




U.S. Patent Nov. 5, 2013 Sheet 7 of 15 US 8,576,255 B2

G(g,x,y)
1100 _
T G(g:ax!y) j/-‘"'li# AN
G(g,-2ax, // ,
f (9 Y) G(Q,O,Y) - G(Q,Z&X,){/)/ :
] i = E
,, : —d _ S R R . —p t
0 1 2 3 4
(x=0) (x=ax)
OUTPUT
GRADATION
WHITE T _________________________ ]
GRADATION | ,
INTERMEDIATE |
GRADATION , . @ : REFERENCE
; ; " GRADATION
INTERMEDIATE | i
GRADATION ; g |
BLACK o
GRADATION I , INPUT
0 GRADATION

BLACK WHITE
GRADATION - GRADATION



@\
B |||||
m [ | Qee=efIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII .m
> o | B Tl @ 43 LSID3Y |1 — |G _
s ™D 1T - ®~|IN3I0I443003AHND z=|1! SC = “
o Cn T NOLLOIHIA-X o 522! ST “
| i — ) 1) O = _
- " N I S— L mmm o E° “
" S| INNNOLYINOTYD c =) "
_ ~ - 2| | -
“ O INFI0I443003AHND SO = vl
= “ NOILOFHIC-X =4 Tl
! nU.u — | O Lo w “
T2 3 i x = |z
. S| g 2 LNNNOLYINOTVO - ax = | 5|
ot 2| O " NOLLYTOdH3LNI - ] - - | = |
= 2| D " NOLLOZHIC-A = loz=Z| e S
= Q| = “ 4 1= z |
3 — 12| 8 “ =] [ & = SZ| . = |
7 M TN B P~ G z3| | @ 0 QO S i 3|
- RN | Sea| 1585 SE3|1 m T |
. _ — == LL 7] EJ_ _ _" N - am “
O 3 | S32| S Eg| o = S|
THES _ FES[TE]S =gl = “
U | = r D) ICE . <C “
¢ “ EGETY Qo2 L L Ar nv.mm ) 1! - |
Yo— i (r _ T — YT& VIV T = ;1] r _
— | Ll _ O WR am 75 __“ LL] !
o | E 1@ << 3 2Yo o - _ |
- ! { |= LLJ — LLlI 5 “__ = i
:‘w | w | |= e A > [=x O B =2 |
_ 2 3 3 _ﬂ_ O ]
2 " < | - - M - b Q| “
Z " k ® | @ 2 T “
t IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o
5 o
= _ AHONEIN 311 LY TOANON 0
P I
: D~ JITOHINOD ) eSSV
-

DISPLAY UNIT

137



US 8,576,255 B2

Sheet 9 of 15

Nov. 5, 2013

U.S. Patent

. 12A

FIG

T

.f...w.....l .
i

- .,m.n...,.h N 3

Lt
A

-

Tm -

Shad, -]
o, A L W .,
S R Rt

£ ..uur.- LrS Rt

N e 1 v . ]
in o AT . 1....;-.._.....__,...:..9. - Wy bk
.mu....mw“%__.“wu.. 5y e ..__....__mu..u., ...m._.ﬁu.,: .w...m.h
e A e S T 11 ;
SN NS T NG
S s, R e N AT e 5=
b P,ﬂmu” ﬂ%:”.q“rﬂw“.ﬁ.. AT T ﬂn-.u.?.m
T AL v - et hint
e & ..1..“.. S ._u.....”-.nn.. - A A v

o 21000

EI -

s
#

TE

a
o

NVNINNT




U.S. Patent Sheet 10 of 15

Nov. 5, 2013

230.00

s s W
o o

22500 e o

ﬁ;ﬁh

220.00

. 'I'|' ) o ] e -W - .|' .
- g i - _l._,-__;." oI,
. ) ) ! e T = A “-E,‘ : a |: "
’ \ A : 1-.. T ] ¥n L W '."“5'
# ¥

210.00

=

s E-—ﬂi-‘h

P 4
Y
SRATNCST ol

] |“*"F|'1'
H

' i T I R L e e i STt T
" 1Y ﬁ' L v

200.00

kT

19500 | ¢

=T
)

LUMINANCE [cd]

190.00
185.00

180.00

175.00

US 8,576,255 B2

-~ v.:':' T
|

e
MR
P g T
i ar o e
AP LA VT A

! W

¥ r;g.;.._ E’,’*:‘“:‘ E‘I:r'}ﬁ?t:"zd
. - o . 7
e :}‘{hﬂ.' K

3 r -
Bl T W L T
e

Ly Lyt e e A LT *‘ﬁ- :
it i o F o
" ar""":-'r-«-js""-“ R

-

bk (A
T

R
. ﬂ‘.’.
J:r

T
.—"'._;' "

]
-

N R s
':r.;;" on b ‘*'.i-? w‘:‘:"&éi
H

o i T

S

s
i
5,

b -
= -:{ rﬂgﬁ i
LJ rhw

LR _.I.T-'?,.;.,'ﬂ":i

T e
e I"\glsl'il"".‘-".r.:‘'t""'

HORIZONTAL POSITION




US 8,576,255 B2

Sheet 11 of 15

Nov. 5, 2013

U.S. Patent

nog i LA
. S e
Gty R Ly
R ._____ﬁ.-,._.
.. N

=
-

.... . ..
H....._....d. Ry Cnatt
L

%ﬂmmumm._fww...u.ﬂ Y u.na.”._

g

1 N

.
o
.'\.I

-

Ty h-
J_-H.. k

k3. iadn

o] IDNVYNIANT

]

0.



U.S. Patent Nov. 5, 2013 Sheet 12 of 15 US 8,576,255 B2

.
1
¥

o ‘ﬁn‘-.-uc--ﬁ' st 2 S ::. : . . i o Xy : - - i

-"-

ZT
g

.
frol

[
+;

_':ui .
Feen il

T

F.
-

;{.-r-
N

};_]I Er
_E:.
R

. . .-.1..-_.- ¥ 3 I:F _ o : i ’ : . J o = y , d . o L =y i) . _-' 4 3 -# ; n v " E Iﬁr" ..-- L L y 3 . i %‘E‘Ef B
-LF ﬁ!;r : .I_.ﬁl' ; w Il : 'l ] Ll ' - - [

6

Y
e,
bl !
= t_.-.-_j.!:_..‘-c
5 "ufi:é‘}-&'.

-, -

. } ! ¥t ! - L p 5 . = 5 - .. .. [ . “r, 3 o : e e LF T . 5 : . .
* ' A e D N e L o R | £ AR L ase? ey,
; Ay A o ?‘ ; A ; S : o o Aol 3t ! ; i :
. 1&'-!' ".E-r‘::.'frq- -# [f - i - r‘* i by o
L J ] P : i li . _Fli #

‘f 57

P
fL
b
ke o
: 3 -

0.40

LUMINANCE [cd]

=Hn o’ H . x X " ity : { . ', -:-|_ , X ; - . ;
gy ... - . . . =
- "‘#‘ i S s i L , ; .l' ; .h‘-‘. ; Exrin s ot ; PSR : : ; e ; W,i L F*Eﬁ'fl"-r#ﬁ'—'
: ot iE 3 i : el 2 : okl -
. o 7 ; =t

e b, al =ty L
o ...h..l;r-

A¥ 5 'l;r,
w!

' ]
P Lt _: .'_.t-\,i-'l.

an

5 Lixpr O - -F E ) ;
. i o _-"'-' E g m L e o .
R A Py g Ry W o LR L
0 0 Pt T L, q‘_..h:; T 1;33 .,'3‘, oy _.i"-:'-'..lﬁ?"‘ilﬁ'!'g A
-

0, 0)

HORIZONTAL POSITION



U.S. Patent Nov. 5, 2013 Sheet 13 of 15 US 8,576,255 B2

GENERATE THIRD-ORDER CURVE INTERCONNECTING 501
LUMINANCES AT REFERENCE POINTS ALONG Y-DIRECTION

GENERATE LUMINANCES AT DETAIL REFERENCE POINTS 502
FROM THIRD-ORDER CURVE THROUGH INTERPOLATION

CALCULATE TARGET LUMINANCE (Bg) OF 1603 |
EACH GRADATION LEVEL g :

GENERATE GRADATION DATA G(g, X, V) 1604
FROM LUMINANCE B(g)

GENERATE Y-DIRECTION THIRD ORDER INTERPOLATION 505
CURVE COEFFICIENTS FROM GRADATION DATA G(g, X, y)

WRITE INTO NONVOLATILE MEMORY OF 506
LIQUID CRYSTAL DISPLAY DEVICE




U.S. Patent Nov. 5, 2013 Sheet 14 of 15 US 8,576,255 B2

LUMINANCE 204




@\
B —an e
TE “ Q o=~p{IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITT — - 1
2&, “ ' MJ_/_Um.....r_ut ||||||||||||||||||||||||||||||||||||||||| |_|“ I - m
e © | O . HILSIDIH NI i
ks ™ ! @~ INJI01343003AHND zS| o
o -~ | NOWOZHIOX o |BEZ|!!1 LB
= _ " 3 |538|iH o8
" B O oo =
_ - o] UINANOILYINOWO c 3
m - ®7| INFIDIHH300 IAHND SR = -
= “ NOILOTHIA-X Z [ Tn
| D t 6 C + D
21 5 O } 1 — <« | B
- o | @ 2 LINNNOLLYINOTYO o 1 —~ | 2
- 2| O m NOILY10dH3LN - | - | =
S R7H e _ NOLLOFHIT-A ol R =
\; | e " % ZO |1
- o0 & = _ Q=G| 1! o)
b - & | S " = > mmm 1! 5t | @ =
.m - “M_._Fm % | NmU Nm WWW":,_I - ﬂ_uU P r _n._n._
2 ” | Q= O QT % Opd 2f 1t T - L OO ™ L o
© = ~| S3E| GEE| o [REF|HIR (2|82 | R | |3
- T | LL] O L =] 1 M e >
TS ool |=ES| 288 | .o <| i S 6 D
m r " O LLJ __ _|__||_ D_WDH mE _ “ “ nT\...u.N I
@ , G| =gl T ED| |TE T b R i < & -
v ! — (|2 = C =3 — L~ 1 E o O -
— m = |1 120 <C S el Do = — <C
g _ _ W__.._..._ 1L D . - =
)y | w | am A N\ WDH - b w Om
\r | O ! QM P <} ™ 1] O
. ” | Q| S = ~ |2
> ” " 2 R ® 1
rd | i B e e B s i T R ———
! @
= .
S AHONIW 1LY IOANON D
~— I DR
Dnm > <41 TOHLINOD e~ ANH34SNVHL
. T h. ~ YAl
/]
-

DISPLAY UNIT

137~



US 8,576,255 B2

1

IMAGE CORRECTION METHOD AND
IMAGE DISPLAY DEVICE

INCORPORAITION BY REFERENC.

L1

The present application claims priority from Japanese
application serial No. 2006-329049 filed on Dec. 6, 2006, the
content of which 1s hereby incorporated by reference 1nto this
application.

BACKGROUND OF THE INVENTION

The present mvention relates to an i1mage correction
method of correcting a display luminance of a display panel
and an 1mage display device.

In a display device using a liquid crystal display panel or
the like, even if an 1mage 1s displayed on the whole screen at
the same luminance, there appears conventionally a variation
(in-plane variation) phenomenon in a luminance at each posi-
tion in the screen. In order to correct this in-plane variation,
there has been proposed a method by which the screen plane
1s divided into a plurality of areas, a luminance distribution in
the areas 1s measured, correction values calculated from the
measured luminance distribution are supplied to an 1mage
processing circuit of the display device, and when an 1mage 1s
displayed, a luminance distribution at respective pixels 1n
cach area 1s generated by an interpolation function by utiliz-
ing the correction values to maintain uniformity of lumi-
nances of the display device by using the interpolated values.

This method 1ncludes a method using analog signals as
disclosed in U.S. Pat. No. 6,570,611 (JP-A-2000-284773)
and a method using digital signal processing as disclosed U.S.
Patent Publication No. 2005/0275640 (JP-A-2003-46809). In
addition, U.S. Pat. No. 6,297,791 (JP-A-11-316577) and
JP-A-2006-84729 propose a method of measuring lumi-
nances and generating correction data by measuring points on
a screen with a luminance sensor.

SUMMARY OF THE INVENTION

According to the above-described techmiques, a luminance
at the highest gradation (tonal) level 1s set to the lowest
luminance at the highest gradation level 1n a panel, because
the luminance at the highest level can only be adjusted only by
lowering 1t. Similarly, a luminance at the lowest gradation
(tonal) level 1s set to the highest luminance at the lowest
gradation level in the panel, because the luminance at the
lowest level can only be adjusted only by raising 1t. This
adjustment 1s, however, associated with a problem that con-
trast 1s degraded. The contrast 1s defined as a ratio between
highest and lowest luminances at the center of a panel.

An object of the present invention is to provide an 1image
correction method and an 1mage display device capable of
maintaining a good contrast and obtaining a smooth and high
display quality without stripe noise and color unevenness by
correction data, on a panel aiter image correction.

The present invention 1s characterized in that a luminance
1s corrected to have a curved plane taking the highest lumi-
nance at the highest gradation level at the center of a panel and
lowering toward the edge ofthe panel, and 1n that a luminance
1s corrected to have a curved plane taking the lowest lumi-
nance at the lowest gradation level at the center of the panel
and raising toward the edge of the panel.

According to the present invention, 1t 1s possible to main-
tain a good contrast and obtain a smooth and high display
quality without stripe noise and color unevenness by correc-
tion data, on a panel after image correction.
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Other objects, features and advantages of the invention will
become apparent from the following description of the
embodiments of the imnvention taken 1n conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the configuration of an 1mage
correction system according to the present invention.

FIG. 2 1s a flow chart 1illustrating inspection of a liquid
crystal display device.

FIGS. 3A and 3B show reference points of a liquid crystal
display panel and a reference point list.

FIG. 4 1s a diagram showing reference points of a liquid
crystal display panel.

FIG. 5 15 a flow chart 1llustrating correction value calcula-
tion to be executed by a measuring apparatus.

FIG. 6 1illustrates a luminance interpolation process for
correction value calculation.

FIG. 7 1illustrates a relation between interpolation grada-
tion and interpolation areas.

FIG. 8 1s a diagram brnefly illustrating an interpolation
process to be executed 1n a liquid crystal display device.

FIG. 9 1s a schematic diagram showing a Lagrange curve
used as an X-direction third-order interpolation curve.

FIG. 10 1s a diagram 1llustrating a gamma correction
method.

FIG. 11 1s a diagram showing the details of the structure of
an 1mage processing circuit.

FIGS. 12A and 12B are three-dimensional diagrams show-
ing luminance distributions before and after correction at the
highest gradation level of a liquid crystal display panel.

FIG. 13 15 a two-dimensional diagram showing luminance
distributions before and after correction at the highest grada-
tion level of the liquid crystal display panel.

FIGS. 14 A and 14B are three-dimensional diagrams show-
ing luminance distributions before and after correction at the
lowest gradation level of a liquid crystal display panel.

FIG. 15 15 a two-dimensional diagram showing luminance
distributions before and after correction at the lowest grada-
tion level of the liquid crystal display panel.

FIG. 16 1s a flow chart illustrating another correction value
calculation to be executed by the measuring apparatus.

FIG. 17 1s a diagram 1llustrating luminance suppression at
cach position.

FIG. 18 1s a diagram showing the details of the structure of
another 1mage processing circuit.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 1s a diagram showing the structure of an image
correction system of the present invention. Referring to FIG.
1, a liguad crystal display device 100 1s a display device to be
ispected, and 1s constituted of a liquid crystal panel unit 130,
a backlight unit 141, an 1mage transfer I/F 131, a control I/F
132 and a power supply circuit 134.

The liquid crystal panel unit 130 1s constituted of a liquad
crystal panel 140 for displaying an image and 1ts control
system. The image transfer I/'F 131 1s I/F for mputting an
image signal from an external. The control I'F 132 1s used for
input/output of a control signal which controls the operation
of the liquid crystal panel unit 130. The backlight umt 141 1s
used as a light source which emaits light transmitting through
the liquid crystal panel 140. The power supply circuit 134
conducts voltage conversion of a power from an external
power source 120 to supply voltage to each internal constitu-
ent component.
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The internal structure of the liquid crystal panel unit 130
will be described. A nonvolatile memory 133 1s used for
storing data to be utilized by an 1mage processing circuit 136.
The 1image processing circuit 136 processes an 1mage signal
input via the image transfer I'F 131, and transmits a display
signal to a display unit 137. The image processing circuit 136
executes an mn-plane variation correction process.

The display unit 137 1s constituted of a gate driver 138, a
drain driver 139 and the liquid crystal panel 140. The gate
driver 138 and drain driver 139 are each made of an analog
circuit such as an operational amplifier for driving the liqud
crystal panel 140.

In this embodiment, the liquid crystal panel 140 uses active
matrix TFT liquid. The display unit 137 1s not limited only to
a liquid crystal display unit, but other devices such as an
organic EL device may be used. In this case, the backlight unit
141 becomes unnecessary depending upon the device used.

A power supply circuit 135 generates power for driving
cach circuit 1n the liquid crystal panel unit 130. The external
power source 120 1s a general external power source for
supplying power to the liquid crystal display device 100.
Depending upon situations, power may be supplied directly
to the liquid crystal display device 100 from a general power
line via a plug.

A measuring apparatus 102 1s an apparatus for measuring
luminances of the liquid crystal display device 100, controls
to display a measurement image on the liquid crystal display
device 100 and generates in-plane variation correction values
from measurement results of the measurement 1mage.

The measuring apparatus 102 1s constituted of: an 1image
sensor 101 for measuring luminances of the liquid crystal
panel 140; a sensor circuit 103; a correction value generator
unit 104 for generating correction values from measured
luminances; a measurement 1image generator unit 105 for
generating a measurement image to be displayed on the liquid
crystal panel 140; a display unit 107 for displaying informa-
tion for checking a measurement state; a recording unit 108
for recording measured data and the like; an 1mage transfer
I/F 110, a control I'F 109 and a control unit 106 for controlling
these constituent components. The measurement image gen-
crator unit 105 may use an 1mage signal generator.

FI1G. 2 1s atlow chartillustrating an inspection process to be
executed by the control unit 106 of the measuring apparatus
102 to mspect the liquid crystal display device 100. Referring
to FIG. 2, first the liquid crystal display device 100 to be
ispected 1s powered on to activate the liquid display panel
140 (Step 200). Next, the measuring apparatus 102 sets initial
values to the liquid crystal display device 100 via the control
I/F 109 (Step 201). Next, panel mspection 1s performed at
202.

In the panel inspection at 202, the measuring apparatus 102
transmits a measurement 1mage to the liquid crystal display
device 100 (Step 203), and the liquid crystal display device
100 displays the measurement 1mage (Step 204). The dis-
played image 1s picked up with the image sensor 101 and
transmitted to the measuring apparatus 102 (Step 205).

Next, luminances of the picked-up 1mage are measured at
all predetermined reference points (Step 206). In this mea-
surement, a lattice pattern may be displayed on the liquid
crystal panel 140 to facilitate judgment of the reference
points. Different reference points may be used depending
upon the luminances to be measured.

It 1s judged from the measurement results of luminances
during the panel mspection at 202 whether a vanation (un-
evenness ) 1n luminances at respective reference points 1s 1n a
rated (predetermined) range (Step 207). If a luminance varia-
tion (unevenness) 1s 1n the rated range, it 1s judged that the
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panel 1s a quality product, and the process 1s terminated (Step
208). If the luminance variation 1s not 1n the rated range, a
correction process at 220 1s executed.

For judgment whether the luminance variation is in the
rated range, for example, as shown 1n the following formula
(1), 1t 1s judged that the luminance variation 1s in the rated
range, 1I a percent value of a luminance uniformity degree
Buni(g) at a gradation level g, which percent value 1s the
lowest luminance min(g) at the gradation level g divided by

the highest luminance max(g) at the gradation level g, 1s not
smaller than a predetermined value, e.g., not smaller than

30%.

(1)

min(g)

Buni(g) = P

Next, the contents of the correction process at 220 will be
described. In the correction process at 220, correction values
are calculated from the luminance measurement results at
Step 206 (Step 209). The correction values are set to the liquad
crystal display device 100 (Step 210).

Panel inspection at 211 similar to the panel inspection at
202 1s executed to judge whether correction of the liquid
crystal display device 100 set with the correction values func-
tions effectively and whether the luminance vanation 1s in the
rated range (Step 222). If the luminance variation 1s in the
rated range, the panel 1s judged as a quality product to termi-
nate the process (Step 213). If the luminance varnation cannot
be corrected sufficiently, the panel 1s judged as a defective
product to terminate the process (Step 214).

FIGS. 3A and 3B show reference points of the liquid crys-
tal panel 140 and a reference point list. As shown in FIG. 3A,
for inspection, the liquid crystal panel 140 1s divided 1nto nine
areas P1 to P9, and a reference point 301 1s set to each divided
area. F1G. 3B shows a list of reference points and their lumi-
nances. As shown 1n this list, a white luminance and a black
luminance are measured at all points (9 points), and an inter-
mediate luminance may be measured only at points P1, P53
and P7 where a variation 1s likely to occur.

FIG. 4 1s a diagram showing reference points of the liquid
crystal panel 140 having horizontal n pixelsxvertical m pix-
cls. Referring to FIG. 4, a cross point of lattice lines 402
represented by a white circle 301 1s used as a reference point.
Luminances are measured at all reference points to judge
whether a variation 1n luminances at the reference points 1s in
the rated range. Next, 1f the luminance variation 1s not 1n the
rated range, luminances at detail reference points represented
by black circles 401 are calculated from the luminances of the
reference points by interpolation calculations.

FIG. 5 1s a flow chart 1llustrating the details of the correc-
tion value calculation at 209 shown 1n FIG. 2. Referring to
FIG. S, first a third-order curve interconnecting the lumi-
nances at the reference points along a Y-direction 1s generated
(Step 501). In generating the third-order curve, a method may
be used by which third-order curves each interconnecting two
reference points are consecutively coupled. However, a third-
order Spline curve 1s adopted 1n order to couple two adjacent
third-order curves smoothly at the reference point. The third-
order Spline curve can realize interpolation by a smooth
curve, under the condition that not only the Spline curve
passes the luminance at each reference point but also first- and
second-order differentiations of the luminance become equal.

FIG. 6 1llustrates an interpolation method using a Spline
line. The y-coordinates of the reference points 1n the Y-direc-
tion including the reference point 301 are defined as y0,
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vl, ..., vyp, and the luminances at the coordinates are defined
as B(g, v0), B(g, v1), ..., B(g, yp). In this embodiment, p=2.
Defining an interpolation formula for obtaining B(g, v) where
y1<y<yi+1 1s defined as Si(y), Si1(y) 1s expressed by the fol-
lowing formula (2). In this embodiment 1=0 or 1.

Si{y)=a f+bf(J’_}’f)+cf0’_}’f)2+df0’_}’f)3 (2)

The condition of smoothly coupling the interpolation curve
S1+1(y) at the section of yi+1<y<yi+2 at the y-coordinate
yi+1 1s expressed by the following formula (3).

S{(y)=B(gy;)
Sz'(yz'+l): i+l@z‘+l):B(g:yf+l)
SI:'(JJHI):S,HI (yi+l)

ST i)™ 1 Vi) (3)

The boundary condition at opposite ends 1s set so that
secondary differentiation becomes 0, because of maintaining
a slope of the interpolation curve between y0 and yp when the
condition of obtaining the curve 1s set to the following for-
mula (4) and performing extrapolation by using this function.

S"0Wo)=5"5-103,)=0 (4)

The following relation (5) 1s established by defining as
yp—yi=1 and calculating coelficients ai, bi, c¢1 and di1 of the
function Si1(y) from the above formulae (3) and (4). By solv-

ing the formula (5), the coellicients ai, b1, c1 and di1 of Si1(y)
shown 1n the formula (2) are determined.

a; = B(g, y;) (5)
Civ1 + 2¢;
bi = aj41 — a; —
i+ 1 3
(Ciy1 — ;)
d: =
1 3
(1 00 0 - 00 0N oY | 0 3
1 41 0 --- 0 0 0 C1 3(ar —2a; + ap)
0141 -~ 0 00 C2 3az —2a3 +a)
0014 - 00 3(ay —2a3 + ap)

3(ﬂp_1 — Qﬂlp_g + ﬂp_g)
3ap —ap_y +ap_2)

\ 0 /

00000010,

Next, by using Si1(y) shown 1n the formula (2), the lumi-
nances at the detail reference points 601, 602 and 603 shown
in FIG. 6 are generated by interpolation as shown in FIG. §
(Step 502). In this interpolation method, a value of the point
at opposite ends of the panel, e.g., of the detail reference point
601, 1s obtained by extrapolation using S,(y). Values of the
detail reference points 602 and 603 between already mea-
sured reference points are obtained by interpolation. Lumi-
nances at reference points still not measured are calculated by
interpolation also for the X-coordinates to obtain luminances
B (g, x, v) inthe XY coordinate system. Next, a target curved
luminance plane Bp(g, X, y) at each gradation level g is
calculated as shown 1n FIG. 5 (Step 503).

In the following, the operation at Step 503 shown 1n FIG. 5
will be described. It 1s assumed for example that the lumi-
nance distribution at the highest gradation level g mea-
sured at Step 206 shown 1n FIG. 2 1s a distribution shown 1n

FIG. 12A.
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In FIGS. 12A and 12B and FIGS. 14A and 14B, X- and
Y-axes represent the horizontal and vertical directions of the
panel, respectively, and (x, y)=(0, O) represents the center of
the panel. A Z-axis represents a luminance of the panel.

Representing a minimum value of the luminance shown 1n
FIG. 12A by Lg__ min, a target curved luminance plane
Bp(g_ ., X, y) having the highest luminance at the center of
the panel and a luminance L.g___min at the periphery can be
obtained, for example, by the following formula (6).

COS(Y/(2Y ma))) (6)

Ag __1n the formula (6) 1s a constant and has restrictions
shown 1n the following formulae (7).

Ag,.. =0 (7)
1
A& = . —
Buni(gmax)
where X ~_andY  __are maximum values at positions x and

y, respectively.

From the conditions shown in the formulae (7), a ratio
between mimmum and maximum target luminances at the
highest gradation level 1s not smaller than Buni(g, . )andnot
larger than 1. According to the current specification, Buni

(&2ax)=0-85.

A curved luminance plane obtained from the formula (6) 1s
shown 1n FIG. 12B. A method of obtaining the target curved
luminance plane having the highest luminance at the center of
the panel and a lower luminance at the periphery of the panel
1s not limited to the formula (6).

Next, 1t 1s assumed that luminances at the lowest gradation
level g . take values shown in FIG. 14A. Representing a
maximum value of the luminance shown in FIG. 14A by
Lg _max, a target curved luminance plane Bp(g,_ . . X, V)
having the lowest luminance at the center and a luminance
Lg . max at the periphery can be obtained, for example, by
the following formula (8).

Bp (gmm,x,y)ZLgmmmiﬂ(I—AgmexCOS(M/(meﬂ))

COS(Y/(2Y max))) (8)

Ag . 1n the formula (8) 1s a constant and has restrictions
shown 1n the following formulae (9).

Agmfnzo

Ag . <1-Buni(g

min)

9)

where X andY, _are maximum values at positions x and

y, respectively.

From the conditions shown in the formulae (9), a ratio
between minimum and maximum target luminances at the
highest gradation level 1s not smaller than Buni(g, .. ) and not
larger than 1. According to the current specification, Buni

(gmiﬂ)zo : 6 *

A curved luminance plane obtained from the formula (8) 1s
shown 1n FIG. 14B. A method of obtaining the target curved
luminance plane having the lowest luminance at the center of
the panel and a higher luminance at the periphery of the panel
1s not limited to the formula (8).

By determining the target curved luminance planes at the
highest gradation level g, __and lowest gradation level g_. 1n



US 8,576,255 B2

7

the manner described above, a contrast takes a value of
Bp(g,. ...0,0)Bp(g . .0,0)andis improved considerably as
comparedto Lg, min/Lg, . max of planar correction. Since
the luminance after correction changes smoothly, 1t 1s pos-
sible to prevent a defect such as stripes on the screen after
correction.

Next, description will be made on the operation at Step 503
shown 1n FIG. 5. As an example, description will be made on
a method of obtaiming gradation data G(g, ., 0, 0) and

G(g . ,0,0)at the center of the panel 1n the examples shown
in FIGS. 12A and 12B and FIGS. 14A and 14B. FIG. 13 1s a
diagram obtained by cutting FIGS. 12A and 12B along an xz
plane. The abscissa represents a position along the X-direc-
tion. A curve 2201 indicates a luminance at the highest gra-
dation level g measured at Step 206 in F1G. 2, and a curve
2202 1ndicates the target curved luminance plane Bp(g, ., X,
y)atthe highest gradation level. FI1G. 15 1s a diagram obtained
by cutting FIGS. 14A and 14B along an xz plane. The
abscissa represents a position along the X-direction. A curve
2401 indicates a luminance at the lowest gradation level g_ .
measured at Step 206 1n FI1G. 2, and a curve 2402 indicates the
target curved luminance plane Bp(g, . . X, y) at the lowest
gradation level.

Generally, the gradation/luminance characteristics of a dis-
play are adjusted so as to follow a predetermined function. An
adjustment method most frequently used follows generally
the function of the following formula (10).

L@):Lgmzn+(l’gmax_l’gmm)x(g/gmax)z2 (1 0)

An 1verse function of the formula (10) 1s the following
formula (11). The gradation data G{(g, X, y) on the XY coor-
dinate system can be calculated by using the formula (11).

Lig)-Lg,. |22 (h

1
2.
Lgma:z: _ Lgmin ]

=

If a panel has the characteristics shown 1 FIGS. 13 and 15
and the gradation/luminance characteristics are adjusted to
tollow the function of the formula (10), the highest luminance
Lg 15 225 cd at the position (0, O) as shown 1n FIG. 13 and
the lowest luminance Lg, . 1s 0.4 cd at the position (0, O) as
shown 1n FIG. 15. Therefore, 11 the luminance at the highest
gradation level of 255 1s to be lowered to 213 ¢d 1n FIG. 13,
the gradation data G(g,_ ., 0,0) o1 249 at the highest gradation
level can be obtained by solving the following formula (12).
Similarly, gradation data at other reference points of the panel
can be obtained.

1 (12)

G %, 1) = 255

If the luminance at the lowest gradation level o1 0 1s to be
raised to 0.59 cd in FI1G. 15, the gradation data G(g, .., 0, 0) of
10 at the lowest gradation level can be obtained by solving the
following formula (13). Similarly, gradation data at other
reference points ol the panel can be obtained.

0.50 — 0.4\32 (13)
] ~ 10

225-0.4

Glgmim X, ) = 255 x(
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Although the gradation/luminance characteristics are
assumed to follow the formula (10) by way of example, the
present mvention 1s not limited thereto, but 1s applicable to
any of gradation/luminance characteristics 1f an inverse func-
tion 1s used.

By using the gradation data G(g, x, y) calculated 1n the
manner described above, coeflicients of the Y-direction third-
order interpolation curve shown in FIG. 5 are generated (Step
503). These coellicients are calculated by replacing B(g, X, y)
for the XY coordinate system obtained by using the formulae
(2), (3), (4) and (5) with G(g, X, v), and written 1n the non-
volatile memory 133 of the liqud crystal display device 100
(Step 506) to thereatiter terminate the process at Step 209 for
correction value calculation.

Next, with reference to FIG. 7, description will be made on
a process (Step 505) of generating coetlicients of the Y-direc-
tion third-order interpolation curve from the gradation data
G(g, X, v). Referring to FIG. 7, when a luminance variation 1s
to be corrected, the panel 1s divided into each interpolation
area A (1, 1) having, for example, a detail reference point 401
as an apex and the number of horizontal pixels ax and vertical
pixels ay. A point in the interpolation area 1s generated from a
vertical direction interpolation curve cgYi(g, 1, v) and a hori-
zontal direction interpolation curve cgXj(g, 1, X). The vertical
direction interpolation curve cgYi(g, 1, v) 1s expressed by the
following formula (14).

cgY{gj.y)y=a(gi+b(g ) y-y)+c(g ) y-y) +d(gj) (-

) (14)

where g represents a gradation level such as g=0, 128, ..., 255
and 7 represents the number of interpolation areas in the
X-direction such as 1=0, 1, 2, . . ., n.

Coellicients (parameters) of this formula (14) are calcu-
lated by a Sprine function interpolation method using the
tormulae (2), (3), (4) and (5). This calculation 1s executed at
Step 501 shown 1n FIG. 5. The calculation results, only coet-
ficients a(g, 1), b(g, 1), c(g, 1) and d(g, 1) for generating the
gradation data G{(g, x, y), are written in the nonvolatile
memory 133 of the liquid crystal display panel 100.

Next, description will be made on the correction process-
ing to be executed by the liquid crystal display device 100. As
the liquad crystal panel 140 1s activated, the image processing,
circuit 136 calculates the formula (14) to generate Y-direction
third-order interpolation curves 1000 which interpolate lumi-
nances of pixels existing at the borders of the interpolation
areas A(1, 1) 1n the Y-direction, as shown in FIG. 8.

Next, while the y-coordinates are changed from y=0 to
y=n, the gradation data G(g, x, y) at the border of the inter-
polation area A(1, j) including the y-coordinates at some tim-

ing 1s obtained by using the Y-direction third-order interpo-
lation curve 1000, where x=0, ax, 2ax, ..., n.

Next, 1n order to correct luminances 1n the X-direction, an
X-direction third-order mterpolation curve 1100 passing the
gradation data G{(g, X, v) in the Z-direction 1s generated. A
Lagrange interpolation curve 1s used as the X-direction third-
order interpolation curve cgXj(g, 1, X). An equation of this
curve 1s expressed by the following formula (15).

cgX{gix)=a+b jr+cjr2+djr3 (15)

where O<t=<3. It1s assumed that x=—ax at t=0, x =0 att=1, x=ax
at t=2, x=2ax at t=3, and that the formula (15) passes four
points G(g, —ax, v), G(g, 0, y), G(g, ax, y) and G(g, 2ax, y).
The coelficients aj, by, ¢j and dj of this curve can be obtained
from the following formulae (16).
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a; = G(g, — X, y) (16)

11 3 1

5 G(g, 2ax, y)
cj=Glg, —ax, y) - 5 G(g, U, y) + 2G(g, ax, y) - 5

1 1 1 1
dj=—-=0(g, —ax, y) + 5G(g, 0, y) = 5G(g, ax, y) + = G(g, 2ax, y)

As shown 1n FIG. 9, the values 1n the range of 1=t<2 of the
formulae (16) interpolate the gradation data G(g, X, y) 1n
O=x=ax at specific y-coordinates in the interpolation area A(a,
1), by using the third-order function. In this manner, gradation
data for white luminance, black luminance and intermediate
luminance 1s calculated at all gradation levels.

Next, with reference to FIG. 10, description will be made
on a method of performing line approximation gamma cor-
rection by using the gradation data G(g, x, y) as an output
gradation. In the graph shown in FIG. 10 having an abscissa
representing an mput gradation and an ordinate representing,
an output gradation, for example, as an mnput black gradation
ol 01s given, an output gradation of 3 1s output as a conversion
result. For an input gradation whose output gradation 1s still
not calculated, the output gradation 1s calculated by linear
interpolation.

Description has been made on the details of the luminance
variation correction process of the liquid crystal display
device. As the timing when gamma correction 1s calculated,
gamma correction may be performed each time an output
gradation corresponding to each pixel 1s obtained from the
X-direction third-order interpolation curve 1100.

FI1G. 11 1s a diagram showing the details of the structure of
the 1image processing circuit 136 of the liquid crystal panel
unit 130. Referring to FI1G. 11, a control circuit 1300 controls
cach module of the image processing circuit 136. Main opera-
tions include i1mitialization of each circuit when the liquid
crystal panel unit 130 1s activated, various processes (such as
display mode switching and correction function ON/OFF)
corresponding to a control signal input via the control I/'F 132,
and display control typically the luminance variation correc-
tion process during the image display.

AY counter 1301 indicates a Y-coordinate under process-
ing. Namely, it indicates which horizontal scan line 1s pro-
cessed. Each time one line 1s processed, the counter 1s counted
up, and when a count takes m, 1t 1s cleared to 0 next time.

An mterpolation gradation g generator circuit 1320 1s a
circuit for obtaining a correction value at a gradation level g
by the method described above. This circuit 1s provided as
many as the number of gradation levels for correction.
Namely, 1f correction 1s performed for white, black and inter-
mediate luminances at three gradation levels, three circuits
1320 are used and operated 1n parallel. This circuit reads
information from the nonvolatile memory 133 when neces-
sary.

A width ay register 1302 stores the number of vertical
pixels ay 1n the area A(1, 1) shown 1 FIG. 7. The value ay 1s
read from the nonvolatile memory 133 into the register 1302
when the 1mage processing circuit 136 1s activated.

A Y-direction interpolation area judging unit 1303 judges
from the y-coordinate a corresponding interpolation area A(a,
1), reads from the nonvolatile memory 133 the Y-direction
third-order interpolation curve generating coellicients a(g, 1),
b(g, 1), c(g, 1) and d(g, 1) of the interpolation area, and sets the
coordinates to a Y-direction curve coellicient register 1304.
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A Y-direction interpolation calculation unit 1306 reads the
coellicients of the third-order interpolation curve from the
Y-direction curve coelficient register 1304 and the present
Y-coordinate from the Y counter 1301, and calculates inter-
polation gradation at the present Y-coordinate.

An X-direction curve coellficient calculation unit 1307
reads the values calculated by the Y-direction interpolation
calculation unit 1306, calculates coelficients of the X-direc-
tion third-order interpolation curve, and sets the calculation
results to an X-direction curve coellicient register 1308.

Similar to the width ay register 1302, a width ax register
1305 stores the number of horizontal pixels ax of the area A(a,
1) shown 1n FIG. 7. An X counter 1311 indicates an X-coor-
dinate under processing and takes a value of 0 to n. Each time
the Y counter 1301 1s counted up and the line 1s changed, the
counter 1s cleared.

An X-direction interpolation area judging umit 1310 judges
a present interpolation area A(1, 1) Irom the width ax register
1305 and X counter 1311, and notifies the X-direction third-
order interpolation calculation unit 1309 of the coelficients to
be read from an X-direction curve coellicient register 1308.

An X-direction interpolation calculation unit 1309 calcu-
lates sequentially interpolation gradation of each pixel 1n the
X-direction (horizontal scan line direction) by using the X-di-
rection third-order mterpolation curve formula (15). The cal-
culation results are mput to the gamma correction circuit
1312.

Display image data 1s transierred via the image transier I/F
131 to a data builer 1313 and stored therein. Pixel data cor-
responding to a count of the X counter 1311 1s read from the
buifer 1313, and input to a gamma correction circuit 1312,
The gamma correction circuit 1312 calculates an output gra-
dation for the mput gradation of the mput pixel data, and
outputs the calculation result to a correction data line buifer
1314. As pixel data of one line 1s accumulated 1n this buffer
1314, the pixel data 1s transmitted to the display unit 137 and
displayed.

[Second Embodiment]

In the first embodiment, the measuring apparatus 102 per-
forms a process of raising the luminance at the center of the
panel higher than a periphery luminance at the highest gra-
dation level and lowering the luminance at the center of the
panel lower than the periphery luminance at the lowest gra-
dation level, in order to improve contrast. In the second
embodiment, this process of improving contrast 1s performed
by the liquid crystal display device 100.

In the following, only different points from the first
embodiment will be described.

FIG. 16 1s a tlow chart illustrating the detailed process of
correction value calculation at 209 shown 1n FIG. 2. FIG. 16
corresponds to FIG. 5 1n the first embodiment. Steps 503 and
504 of FIG. 5 are changed to Steps 1603 and 1604 in the
second embodiment. In the first embodiment, after the inter-
polation luminances at the detail reference points 401 are
generated, the target curved luminance plane 1s generated to
raise the luminance at the center of the panel at the highest
gradation level and lower the luminance at the center of the
panel at the lowest gradation level.

However, 1n the second embodiment, as shown 1n FIG. 17,
a target luminance value at the highest gradation level 1s set
uniformly to a luminance value min(B(W)) which 1s the low-
est measured luminance value 707 among measured lumi-
nance values 704 to 707 at the highest gradation level, and a
target luminance value at the lowest gradation level 1s set
uniformly to a luminance value max(B(B)) which 1s the high-
est measured luminance value 712 among measured lumi-
nance values 712 to 715 at the lowest gradation level. Namely,
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it 1s set that B(g, )=min(B(W)) and B(g . y=max (B(B))
(Step 1603, Step 1604). Therefore, the measuring apparatus
102 supplies the liquid crystal display device 100 with final
correction values including the display luminance of min(B
(W)) uniform over the whole panel at the highest gradation
level and the display luminance of max(B(B)) uniform over
the whole panel at the lowest gradation level. Measured lumi-
nance values 711 at an intermediate gradation level may be set
uniformly to a luminance Bref(M) which 1s a target lumi-
nance 710 at the intermediate gradation level.

FIG. 18 1s a diagram showing the details of the image
processing circuit 136 of the liquid crystal display unit 130 of
the second embodiment. In this embodiment, a contrast cor-
rection data generator unit 1801 and adder circuits 1802 are
added to the first embodiment. The contract correction data
generator unit 1801 generates and outputs each gradation
level and contrast correction data Ge(g, X, y) corresponding to
the x- and y-coordinates of the panel under processing. In this
case, the contrast correction data 1s generated to take a mini-
mum negative value at the center of the panel at the lowest
gradation level, and a maximum positive value at the center of
the panel at the highest gradation level. A function giving
these values 1s, e.g., the following formula (17).

Ge(g,x,v)=A4c(g)xCOS(nx/(2x,,,.. ) ) COS(my/(2v,,...))) (17)

where X and vy represent a position on the panel having an
origin (0, 0) as the center of the panel, xmax and ymax
represent the maximum values of x and y, with the origin (O,
0) being used as the center of the panel. Ac(g) represents a
function of a gradation level g, and takes a negative value at
the lowest gradation level and a positive value at the highest
gradation level.

The contrast correction values generated in the manner
described above are added at the adders 1802 so that a value
lower than the target luminance value can be given at the
center of the panel at the lowest gradation level and a value
higher than the target luminance value can be given at the
highest gradation level. Also 1n this case, Ac(g) 1s set so that
aratio between the minimum luminance value B, . (g J)and
maximum luminance value B_ (g ) after correction at the
highest gradation level becomes not smaller than Buni(g_ ),
and a ratio between the minimum luminance value B, . (g . )
and maximum luminance value B_ (g . )alter correction at
the lowest gradation level becomes not smaller than Buni
(g_. ). Also in this embodiment, it 1s possible to obtain high
contrast and maintain a high image quality after correction,
without displaying stripes and the like because of smooth
luminance change.

In the two embodiments described above, the display umit
137 may be other display devices such as an organic EL panel.
As the third-order curve for in-plane luminance variation
correction, functions other than the Sprine function and
Lagrange function may also be used. With this configuration,
it 1s also possible to obtain high contrast and maintain a high
image quality after correction, without displaying stripes and
the like because of smooth luminance change.

The correction timing may be when the panel 1s shipped
from a panel maker or when the panel 1s assembled 1n a
housing at a display maker. The luminance unevenness of the
liquid crystal display panel varies at all times because of a
secular change during usage by a user, a room temperature
change, a temperature change by heat of a backlight during
used and the like.

In the first and second embodiments, the measuring appa-
ratus 102 and image sensor 101 are used under various con-
ditions. For example, when a liquid crystal display panel 1s
shipped from a factory, a measuring apparatus 102 and image
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sensor 101 prepared specifically by the panel maker may be
used. In the inspection before shipping and after assembly at
a display maker, an mspection system of the display maker
loading a portion of software of the panel maker may also be
used. In the mspection during usage by a user, the measuring
apparatus 102 and image sensor 101 may be a luminance
meter and the like connectable to a standard input/output unit
of a personal computer (PC) of a user. In this case, software
loaded 1 CD appended to the liquid crystal display panel
realizes the functions of the measuring apparatus 102 on the
user PC to calculate setting values when the liquid crystal
display panel 1s activated and to rewrite the nonvolatile
memory 133.

The software on PC may automatically perform measure-
ments and correction calculations at a constant time interval,
and rewrite the nonvolatile memory 133 via the control inter-
faces 109 and 132. With this procedure, the present invention
can deal with a change 1n the characteristics after sealing a
panel 1n the housing at a display maker, a color change due to
a secular change, a luminance change by a temperature and
the like.

It should be further understood by those skilled in the art
that although the foregoing description has been made on
embodiments of the invention, the invention 1s not limited
thereto and various changes and modifications may be made
without departing from the spirit of the mvention and the
scope of the appended claims.

The mvention claimed 1s:

1. An 1image correction method wherein:

a display area of a display panel 1s divided 1nto a plurality
of areas, cross points between border lines of the plural-
ity of areas are defined as reference points, a luminance
only at each reference point 1s measured, a luminance at
a point still not measured 1s calculated from the lumi-
nances only at the reference points, by interpolation;

wherein, as said interpolation, an interpolation method that
uses a third-order Spline curve 1s used;

wherein said interpolation 1s such that a first interpolation
1s calculated 1n a first direction and, by using a result of
the first interpolation calculation, an interpolation cal-
culation 1s made 1n a direction perpendicular to the first
direction, so that the luminances are obtained for the
entire display panel,

wherein 1n accordance with the luminance at each point
still not measured and the luminance at each reference
point, when a luminance data at a highest gradation level
1s 1nput to the display panel, a display luminance on the
display panel 1s corrected;

correction of the display luminance on the display panel 1s
performed 1n such a manner that a distribution of the
display luminance forms a curved plane taking a highest
luminance at a center of the display panel and a lowest
luminance at a periphery of the display panel;

wherein 1n accordance with luminance at each point still
not measured and the luminance at each reference point,
when a luminance data at a lowest gradation level 1s
input to the display panel, a display luminance on the
display panel 1s corrected;

correction of the display luminance on the display panel 1s
performed 1n such a manner that a distribution of the
display luminance forms a curved plane taking a lowest
luminance at a center of the display panel and a highest
luminance at a periphery of the display panel;

wherein the curve of the distribution of the display lumi-
nance when the luminance data at the highest gradation
level 1s mput to the display panel and when the lumi-
nance data at the lowest gradation 1s mnput to the display



US 8,576,255 B2

13

panel are similarly shaped and opposite one another 1n
regards to the horizontal axis.

2. The mmage correction method according to claim 1,
wherein said curved plane has a ratio between a lowest dis-
play luminance and a highest display luminance, not smaller >
than 0.85 and not larger than 1.

3. The mmage correction method according to claim 1,
wherein said correction 1s performed when the display panel
1s shipped, when the display panel 1s assembled, or when the

display panel 1s 1n use. 10
4. The mmage correction method according to claim 1,
wherein said curved plane has a ratio between a lowest dis-
play luminance and a highest display luminance, not smaller
than 0.6 and not larger than 1. 5

5. The image correction method according to claim 1,
wherein said correction 1s performed when the display panel
1s shipped, when the display panel 1s assembled, or when the
display panel 1s 1n use.
6. An 1mage display apparatus comprising: 20
a display panel having a display area divided into a plural-
ity of areas, cross points between border lines of the
plurality of areas being defined as reference points; and
an 1mage processing circuit for correcting display lumi-
nances 1n accordance with measured luminances a lumi- 25
nance only at each reference point and luminances at
cach point still not measured and calculated from the
luminances only at the reference points, by interpola-
tion,
wherein correction of by said image processing circuit 1s 30
performed 1n such a manner that the display luminances
are smooth from a center of the display panel to a periph-
ery of the display panel,
wherein the luminance at a highest graduation level 1s
higher at a center of the display panel than the luminance 35
at a periphery of the display panel and the luminance at
a lowest graduation level i1s lower at the center of the
display panel than the luminance at the periphery of the
display panel,
wherein, as said interpolation, an interpolation method that 40
uses a third-order Spline curve 1s used;
wherein said iterpolation 1s such that a first interpolation
1s calculated 1n a first direction and, by using a result of
the first interpolation calculation, an interpolation cal-
culation 1s made 1n a direction perpendicular to the first 45
direction, so that the luminances are obtained for the
entire display panel,
wherein 1n accordance with the luminance at each point
still not measured and the luminance at each reference
point, when a luminance data at a highest gradation level 50
1s 1nput to the display panel, a display luminance on the
display panel 1s corrected;
correction of the display luminance on the display panel 1s
performed in such a manner that a distribution of the
display luminance forms a curved plane taking a highest 55
luminance at a center of the display panel and a lowest
luminance at a periphery of the display panel;
wherein 1n accordance with luminance at each point still
not measured and the luminance at each reference point,
when a luminance data at a lowest gradation level 1s 60
input to the display panel, a display luminance on the
display panel 1s corrected;
correction of the display luminance on the display panel 1s
performed 1n such a manner that a distribution of the
display luminance forms a curved plane taking a lowest 65
luminance at a center of the display panel and a highest
luminance at a periphery of the display panel;
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wherein the curve of the distribution of the display lumi-
nance when the luminance data at the highest gradation
level 1s mput to the display panel and when the lumi-
nance data at the lowest gradation 1s input to the display
panel are similarly shaped and opposite one another in
regards to the horizontal axis.

7. An 1image display apparatus comprising:

a display panel having a display area divided into a plural-
ity of areas, cross points between border lines of the
plurality of areas being defined as reference points; and

an 1mage processing circuit for correcting display lumi-
nances 1n accordance with measured luminances a lumi-
nance only at each reference point and luminances at
cach point still not measured and calculated from the
luminances only at the reference points, by interpola-
tion,

wherein said image processing circuit corrects 1n a manner
that the display luminances become gradually high or
low from a center of the display panel to a periphery of
the display panel,

wherein the luminance at a highest graduation level 1is
higher at a center of the display panel than the luminance
at a periphery of the display panel and the luminance at
a lowest graduation level 1s lower at the center of the
display panel than the luminance at the periphery of the
display panel,

wherein, as said interpolation, as interpolation method that
uses a third-order Spline curve 1s used;

wherein said interpolation 1s such that a first interpolation
1s calculated 1n a first direction and, by using a result of
the first interpolation calculation, an interpolation cal-
culation 1s made 1n a direction perpendicular to the first
direction, so that the luminances are obtained for the
entire display panel,

wherein 1n accordance with the luminance at each point
still not measured and the luminance at each reference
point, when a luminance data at a highest gradation level
1s 1nput to the display panel, a display luminance on the
display panel 1s corrected;

correction of the display luminance on the display panel 1s
performed in such a manner that a distribution of the
display luminance forms a curved plane taking a highest
luminance at a center of the display panel and a lowest
luminance at a periphery of the display panel;

wherein 1n accordance with luminance at each point still
not measured and the luminance at each reference point,
when a luminance data at a lowest gradation level 1s
iput to the display panel, a display luminance on the
display panel 1s corrected;

correction of the display luminance on the display panel 1s
performed 1n such a manner that a distribution of the
display luminance forms a curved plane taking a lowest
luminance at a center of the display panel and a highest
luminance at a periphery of the display panel;

wherein the curve of the distribution of the display lumi-
nance when the luminance data at the highest gradation
level 1s input to the display panel and when the lumi-
nance data at the lowest gradation 1s input to the display
panel are similarly shaped and opposite one another in
regards to the horizontal axis.

8. The image correction method according to claim 1,
wherein the target luminance of each imtermediate gradation
data of reference point 1s calculated from the luminances of
the maximum gradation level and mimimum gradation level of
the reference position.

9. The image display apparatus according to claim 6,
wherein the target luminance of each imtermediate gradation
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data of reference point 1s calculated from the luminances of
the maximum gradation level and minimum gradation level of
the reference position.

10. The image display apparatus according to claim 7,
wherein the target luminance of each imntermediate gradation 53
data of reference point is calculated from the luminances of
the maximum gradation level and mimimum gradation level of

the reference position.
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